Previous research shows that Early Childhood Education (ECE) positively impacts cognitive outcomes later in life. Few studies examine the impacts of time spent in ECE in developing countries. We use data from the Young Lives project in Vietnam with 2SLS regressions to estimate the impact of years spent in ECE on cognitive outcomes in adolescence. We find that one extra year in ECE corresponds to 21.8 percentage point (1.25 SD) and 30.8 percentage point (2.78 SD) increases in math and verbal cognition scores, respectively. Our estimates suggest that ECE is highly effective in Vietnam and is a potential strategy for bridging educational outcomes gaps.
effective, with annual returns of 7-10% on the initial investment, well above those of private equity indices and estimates of other types of educational investment.
Longitudinal study of the effects of ECE programs has been well documented in cases such as the influential Perry Preschool Program, which tracked participants in a US-based ECE program well into adulthood. Schweinhart et al (2005) find that that the participants in the Perry program had higher earnings and lower crime rates in adulthood, as well as higher chances of success in secondary school. Unfortunately, very little research examines the effects of ECE in the developing world, where rising inequality and development challenges make the question of efficacious education investment even more pertinent, as Burger (2010) highlights. In Vietnam, for example, only one small interventional study by Watanabe et al (2005) on ECE impacts has been conducted. Structural and labor force differences across countries can have significant effects on the predictors of education and labor force success, as Allmendinger (1989) finds, so this lack of formal study leaves developing country policymakers in the dark regarding the comparative advantage ECE investment could provide. In addition, most existing studies of ECE programs in developing countries focus on isolated interventional programs, which, while critically important, do not provide robust information of the effect ECE has on nationwide populations that is crucial for policy development and implementation (Nores and Barnett 2010) .
Vietnam has great potential for the increased study of and investment in ECE. First of all, Vietnam experienced extremely rapid transition from lower-income to middle-income status, and is now striving to transition to a more developed and knowledge-based economy, highlighting the critical importance of education in this transitory period (see e.g. Ohno 2009 ). Second, Dang and Rogers (2013) find that Vietnamese society places a high value on educational success and investment generally, suggesting the willingness of both governments and families to commit further to ECE investment, as they have in the past (London 2006 ). In addition, as Benjamin et al (2016) explain, Vietnam continues to suffer from significant inequalities that center on the urban and rural poor and ethnic minority groups, which is often correlates with educational disparities. Finally, while Vietnam has made great strides in prioritizing and promoting ECE, Boyd and Phuong (2017) find that access remains limited for ethnic minorities and disadvantaged groups in rural and mountainous areas, indicating significant provision gaps and room for further development.
Our study thus employs longitudinal data from the Young Lives (YL) project in Vietnam to examine the effect of years spent in ECE programs from ages three to six on outcomes later in life. We specifically focus on outcomes in terms of verbal and quantitative reasoning at age 12. The YL data are very rich and provide us with the opportunity to consider a wide variety of factors measured at various ages throughout the children's development, allowing for a robust estimation of the effects of ECE in the study cohort. By estimating the marginal effects of extra years of ECE with the YL data, we are able to identify the impact that even marginally increased investment in such programs could have for Vietnam, where ECE participation rates are relatively high but significant disparities continue to exist along socioeconomic lines, as disadvantaged groups such as ethnic minorities and the rural poor are well represented in the YL cohort (see Pells 2011) .
We structure the remainder of this paper as follows. We start by providing a brief overview of the literature on ECE and on the current state of ECE in Vietnam. We present YL data and descriptive statistics in the following section, followed by a discussion of the estimation methods used and the presentation of our results and conclusions.
Background

Early Childhood Education
Previous research has found that Early Childhood Education is effective at improving cognitive and academic outcomes later in life for a variety of reasons relating to educational development and equity. For one, Birch and Ladd (1997) find that developing teacher-student relationships before starting primary school can help with the psychological challenges associated with the commencement of formal education, thereby improving academic performance later on. Gorey (2001) finds that, at young ages, the minds of children are incredibly malleable, and the effects that the institutional and educational environments ECE programs provide have on future outcomes compounds accordingly, including both cognitive and socioemotional effects. In addition, as Heckman (2011) and others highlight, ECE can help students who would have started behind to be at the same level as their peers at the debut of primary school, contributing significantly to educational equity and improving outcomes for the most disadvantaged members of society. Finally, Phillips et al (1987) find that years spent in ECE programs affect math and reading achievement, and Currie (2001) finds that the years spent in ECE has broad effects on a variety of cognitive outcomes, suggesting that the time spent, not just simple participation, also has meaningful impacts on cognitive outcomes later in life.
Despite the proven benefits of participation in ECE programs, various structural and sociodemographic limitations exist that prevent full participation in ECE programs. In many cases, parents need to personally take their children to school. This requires time and a significant degree of parental involvement in the children's education, which has been shown to be a major factor in the success and retention rates of ECE programs (Miedel and Reynolds 2000; Vandenbroeck and Lazzari 2014) . In addition, parents often need to pay for ECE, even in publicly subsidized systems. Some simply cannot afford this and others will be deterred by the cost, as discussed by Currie (2001) and others. As such, even with government subsidized ECE, these limitations may reduce participation in ECE, especially for rural populations in developing countries.
Despite a growing focus on the study of ECE around the world, a number of gaps exist in the literature. First of all, because of the highly context-dependent nature of education and education systems around the world, the external validity of past research is always somewhat questionable (Burger 2010; Jonsson and Svingby 2007) . Without further investigation, we cannot be sure that well-known studies on the effects of ECE in the United States and the United Kingdom will generalize to developing countries like Vietnam. The effects of ECE and especially of time in ECE are not well studied in developing countries where the above-discussed limitations can be even more significant. Other than the small interventional study by Watanabe et al (2005) , no longitudinal analysis of the impacts of ECE has been conducted in Vietnam. The Watanabe study found positive cognitive results of the examined ECE intervention, but focused solely on participation or non-participation in ECE, rather than the marginal effects of time spent in such programs. This ignores important differences between students who attend one class and students who attend ECE programs for three years continuously. As such, further study is important to understand the impacts of ECE in countries like Vietnam, and to determine the marginal effects of extra time spent in ECE programs.
The Early Childhood Education Landscape in Vietnam
ECE in Vietnam has a history reaching back to the early 1900s, when ECE was provided to encourage women's participation in the largely agrarian economy (Boyd and Phuong 2017) . However, given the history of war and conflict in the country, significant ECE reform was effectively impossible until reunification in 1975. The first nationwide education reforms took place in the early 1980s, and education has subsequently become a significant focus of the government, with Early Childhood Care and Education becoming an official department of the Ministry of Education in 1991. Since the department's creation, and well into the 2000s and 2010s, universal access to ECE has been a key priority and significant improvements have been made (Thao and Boyd 2014) .
Today, Vietnam has a system of semi-public nursery schools (ages one to three) and preschools (ages three to six) that receive partial state support, and a growing number of fully public preschools that operate primarily in economically disadvantaged areas. Vietnam has also developed certain legal foundation to regulate the provision of ECE as well as contents of ECE curriculum. Law of Education 2005 which was later updated into the Law of Education 2019 has regulations about the contents and methodologies for preschool education as well as the requirements for the preschool education curriculum. In the context of our paper, the regulation on General Preschool Education Curriculum No.17/2009/TT-BGDDT issued by the Ministry of Education and Training in 2009 also regulates four sets of targets for preschool education, including physical development, cognitive development, lingual development and emotional and social skill development, as well as more detailed curriculum for each age from 3 to 6 years old. Boyd and Phuong (2017) find that over half of the total population of children aged three to six (4.8 million children), were enrolled in preschools in 2015. However, access to ECE amongst ethnic minority groups and other disadvantaged groups, such as those living in remote areas, remains a pressing issue. ECE in Vietnam is also not compulsory and many programs require parents to pay tuition fees. As such, despite great advancements in ECE access due to a strong commitment by the government of Vietnam, further research is warranted to better understand the impacts of ECE in the country, and to tailor ECE policies and programs accordingly.
Estimation methods
We aim to estimate the impact of time spent in preschool education on outcomes later in life. However, because the data do not extend beyond early adolescence for the YL Vietnam children, we focus on verbal cognition and math outcomes in early adolescence. Following the literature on cognitive outcomes and educational attainment, we specify cognitive test score outcomes as a function of a number of control covariates that capture family background (wealth index), parental education, geographical location, and other sociodemographic factors, as these variables have been used in studies such as Woldehanna (2012) and Le (2012) in the context of educational outcomes and the YL data. We specify our regression model as follows.
Where TestScoret is the observed results on cognitive test scores at round 4, Pre_ScLt represents the observed years spent in ECE at round 2, and Xt represents the set of control variables observed at various rounds.
However, the issue with this approach is that, while some variables included in the model are reliably exogenous, time spent in preschool is almost certainly endogenous to test score results and reflects the parents' role in the decision to enroll their child in non-mandatory ECE programs. The endogeneity issue with the main preschool variable thus obscures the results of the OLS model specified above.
Previous work in educational outcomes research, such as in Todd and Wolpin (2004) , identifies two types of inputs that determine cognitive and academic achievement: endogenous inputs that in part reflect choices at the household level by parents, and exogenous inputs unaffected by parental preferences and decisions. As such, the primary issue with the OLS regression approach is that it does not sufficiently account for the effect of parental decision-making factors on the child's participation in ECE programs. We thus cannot reliably isolate our estimate of the causal impact of ECE on test scores in adolescence with a simple OLS regression.
The ideal way to address the endogeneity issue would be to conduct a randomized controlled trial that accounts for confounding factors and omitted variables to maximally isolate the effect of preschool on the outcome variables. Examples of this type of study abound in the literature.
Notable recent examples include the longitudinal evaluation of the Abbott preschool program by Barnett, W. S. et al. (2013) and the Jamaica-based study on the labor market returns of an ECE intervention by Gertler P. et al. (2014) . Both studies utilize a longitudinal approach with randomly assigned treatment and control groups to evaluate the impacts of ECE interventions.
A randomized longitudinal experiment for the purposes of the present study, however, would be incredibly costly, take many years to conduct, and potentially require the ethically questionable random assignment of individuals to control groups where they would not be able to benefit from ECE programs (Lilford and Jackson 1995; Cook and Payne 2002) . As such, we pursue more feasible quasi-experimental approaches options with the YL data.
We employ a Two Stage Least Squares (2SLS) instrumental variable approach to help account for the selection bias driven by parental factors that make the preschool variable endogenous with test score outcomes. Instrumental variable regressions are often used in educational outcomes research to address endogeneity issues. For example, in perhaps the most similar published study to the present analysis, Cueto et al (2016) use the data from Peru and a 2SLS approach to estimate the impact of nutrition and participation in two different types of preschools on cognitive vocabulary and non-cognitive outcomes at age 8. This study employs mother's height to instrument for the child's nutrition and district-level preschool availability and district-level parental education levels as instruments, which they found to be both statistically valid and relevant. We therefore employ similar district-and household-level instruments in our 2SLS models.
The first stage of a 2SLS estimation regresses the endogenous variable on the exogenous covariates and instruments included in the model. We specify the first-stage equation as follows.
Where the observed preschool variable, Pre_ScLt is regressed on the instrument Capital_District_Distancet as well as the set of control variables, Xt.
In the second stage, we use the predicted values from the first-stage estimations to regress the dependent outcome variables on the models' covariates, with the exception that we use the firststage parameter estimates for the preschool variable rather than the observed measure of time spent in preschool.
As we can see, this equation is identical to that of our OLS model above except that , which represents the predicted value for years in preschool from the first stage regression, replaces the observed value for the preschool variable.
The validity of instrumental variable approaches depends upon the relevance, validity and exogeneity of the instruments. In other words, instruments must correlate with the endogenous variable in the first stage and not correlate with the error term and the dependent variables in the second stage.
The instruments we employ are a commune-level variable for distance from home to the district capital, measured by time travelling to it. Distance is often used as an instrument for geographical barriers to participation or compliance with non-mandatory educational programs, particularly in developing countries, such as in Zhao and Glewwe (2010) and Falch et al (2013) . We suspect that children in families living further away from district centers are less likely to attend ECE programs, which are non-compulsory in the case of Vietnam and require parents to drop their children off at school.
Regarding to the exclusion restriction, we are aware of a remote possibility that the distance to the district capitals can affect a child's cognitive and non-cognitive performance in adolescence through other channels rather than duration of preschool education. However, we expect that preschool is the primary medium, especially given that there was a period of 8 years between round 2-when the distance to the district capitals and preschool duration were recorded and round 4 when the child's performance was evaluated.
Finally, to further test the validity and relevance of our instruments, we tested the strength of the correlation between the instrument and the endogenous preschool variable in the first stage and found the correlation to be highly significant across both models (p<0.01). We perform Durban and Wu-Hausman test of endogeneity test to ensure that the preschool variable was in fact endogenous with test score results, and to check the coherency of the instruments' effects.
Regarding to the weak instrument test, the F-statistics for both 2SLS models are also higher than 10 (14.2 for both models of verbal and quantitative reasoning). 4
Data
Young Lives
The YL data come from a longitudinal study funded by the UK Department for International Development and conducted by the University of Oxford, which follows 12000 young people in four developing countries: Peru, India, Vietnam, and Ethiopia. In Vietnam, the Department of International Development at the University of Oxford, the Vietnam General Statistics Office, the Vietnam-based Center for Analysis and Forecasting, and the Vietnam Academy of Social Sciences conduct the design and fieldwork for all components of the YL study, in 31 communes from five provinces in Vietnam: Lao Cai (Northeast region), Hung Yen (Red River Delta), Da Nang (central urban center), Phu Yen (south-central coast) and Ben Tre (Mekong River Delta).
The YL project follows two cohorts in each of the four countries, an older cohort (n=1000) and a younger cohort (n=2000); our study uses the younger cohort panel data from Vietnam. The younger cohort data come from five data collection rounds over the course of 15 years: round one in 2002 (6-18 months old), round two in 2006 (5-6 years old), round three in 2009 (8-9 years old), and round four in 2013 (12-13 years old) and round five in 2016 (15 years old). Our study specifically uses the younger cohort's ECE data from round two, various other data from rounds one through four for control and instrumental variables, and verbal and quantitative reasoning outcomes data from round four. 5 All components of the YL study have undergone comprehensive ethical review by the University of Oxford, the Vietnam Union of Science and Technology Associations (VUSTA 2001) and the Hanoi School of Public Health.
[Insert Figure 1 here] Some minor attrition exists in the younger cohort from the first to fourth round (3.6%), but was likely too small to significantly affect the validity of the sample. Additionally, as participation in the study was entirely voluntary, some students chose not to respond to various elements of the study, and such observations were excluded from the relevant models. Full details of the YL sampling and data collection methods in Vietnam have been discussed elsewhere (Nguyen 2008; Young Lives 2014) .
Previous work with the YL data in Vietnam examines the effect of primary schooling , extra-curricular classes (Le 2012) , and a wide variety of nutritional, sociodemographic and household characteristics on cognitive and academic performance at later examination rounds (see e.g. Dearden et al 2017) . However, the long-term effects of years spent in preschool and the effects of ECE on cognitive outcomes in adolescence have not yet been studied with these data.
Preschool variable
Preschool education is measured in round 2 of the younger cohort with parent-directed questions asking about the time spent in each of the preschools the YL child has attended. Table 1 presents the breakdown of the preschool variable by a variety of different socioeconomic factors. As we can see, more time spent in preschool seems to skew in the direction of Kinh ethnicity and higher wealth index. This is largely to be expected given the well documented and above-discussed disparities between socioeconomic and ethnic groups in Vietnam.
[insert Table 1 here]
Outcomes variables
This study uses two outcomes indicators: a verbal cognition test and a mathematics test. The verbal cognition test is a Vietnam-adapted Peabody Picture Vocabulary Test (PPVT), a test widely used as a measure of verbal cognitive achievement (Todd and Wolpin 2003; Cueto et al 2009; Schady 2011) . The mathematics test consists of 34 age-appropriate mathematic and quantitative reasoning questions. These two dependent outcomes variables were converted into percentage correct scores for inclusion in the study models as dependent variables. We also use normalized variables to determine the effect size of our final 2SLS estimates. Individuals missing both of the outcomes variables were excluded from the analyses.
[Insert Table 2 here] The descriptive statistics in Table 2 above show the mean test scores of students grouped by the number of years they spent in preschool programs. As we can see, there is a clear upward trend in test scores in relation to the years spent in preschool education. We see this trend for both the verbal and quantitative reasoning outcomes.
Control Variables and Descriptive Statistics
Our models include a series of variables to account for the effect of socioeconomic, geographic, and other factors on the cognitive outcome variables. These controls include age, sex, family wealth index, ethnicity (Kinh majority vs. ethnic minorities), nutritional status (height-for-age Z scores), regional dummy variables with the poorest region (Lao Cai) as baseline, dummy variables indicating the education level of the child's parents and employment status of the children's mothers.
A factor that could lead to significant variation in ECE outcomes is the quality of the instruction in the early childhood centers of the populations in this study. Both time spent in ECE and the quality of the instruction can be predictors of the effectiveness of the ECE programs themselves, and so ideally the analysis would control for variations in ECE quality. However, data pertaining to ECE quality from the YL round two surveys show that 98% of parents consider their children's school "reasonably good" to "excellent," making it very hard to detect quality differences or to examine their impacts on cognitive outcomes. As such, we do not explicitly control for school quality in the present analysis. Table 3 presents descriptive statistics for all outcome, test, and control variables used in the present analyses. The average child spent 1.8 years in ECE programs and was around 12 years and two months old (146 months). Boys (52%) and girls (48%) were nearly equally represented, and 86% of the children were from the Kinh (Viet) ethnic majority group, with the remaining 14% from H'mong, Tay, Thai, and other ethnic minority groups. While about 20% of the children in the sample came from each of the Lao Cai and Ben Tre provinces in the fourth round, only about 1% had moved to other provinces. As discussed above, some children and parents did not respond to individual questions, leading to a fair amount of variation in the number of observations across the examined variables.
[Insert table 3 here]
These descriptive statistics collectively present a picture of the situation in Vietnam that is similar to the prior research discussed above. There is expected variation of preschool attendance along the lines of ethnicity and socioeconomic status, and the breakdown of the test scores by years spent in preschool indicates a trend for a positive correlation. The descriptive findings presented above thus provide a solid foundation for the statistical estimations that will follow.
Estimation Results and Statistics
In this section, we present both OLS regression estimates and the estimates of the 2SLS instrumental variable models. Because of the endogeneity issues discussed in the estimation methods section, only the 2SLS results should be considered the final outputs for this study; the OLS results are intended for cross comparison and to illustrate the research process. Table 4 shows the estimates of the OLS regression models with the inclusion of the control variables discussed above. We can see that years in preschool have insignificant effects on Math score and statistically significant effect at the level of 10% on the PPVT score. In addition, the coefficients are small, indicating an increase of less than one percentage point per year of preschool education. In these models, the coefficients for family wealth and Kinh ethnicity are by far the strongest and most significant predictors of cognitive results.
OLS Regression Estimates
[Insert Table 4 here] These OLS models cannot adjust for the endogeneity of the preschool test variable. As the 2SLS analysis does account for this issue, we consider the following IV estimates the primary results of this paper.
2SLS Regression Estimates
Table 5 presents estimates from the final 2SLS regression models. These models include the same control variables as the OLS models above. Our 2SLS models indicate that years spent in preschool is a significant predictor of higher scores on both tests. Notably, our estimates find that one extra year of preschool education leads to 30.8 (p<0.01) and 21.8 (p<0.01) percentage point increases in verbal cognition and math test scores, respectively. In term of standardized effect sizes, the results show that one year at preschool translates to increases of 2.78 standard deviations (SD) on verbal cognition tests and 1.25 SD on quantitative reasoning scores. 6 As we can see, the estimate for verbal cognition is larger than the estimate for quantitative reasoning. One possible explanation for the difference in the effects of preschool education on test scores is that the education focuses more on developing the verbal skills for the children. More specifically, the Law of Education 2005 (Article 23) states that the contents of the curriculum of preschool education would be designed to help children learn how to respect their parents, grandparents and other older people, which strongly related to the verbal skills, while did not set any targets for their mathematic skills. The General Preschool Education Curriculum in 2009 7 , which gave more specific teaching contents for preschool education, also followed this orientation. As stated in the curriculum, lingual development was considered as one of the main "pillars" in the target of the curriculum 8 , while mathematics skills was only one sub-target in the cognitive development and the curriculum was designed to introduce some elementary concepts.
[Insert Tables 5 here] The significant differences between the estimates of the OLS and 2SLS models suggests the presence of heterogeneous treatment effects among groups, and points to the large local average treatment effect for compliance group, as theorized by Angrist et al (1994) . The validity of the models is supported by the above-discussed endogeneity test results (p<0.01), the theoretical justification of the validity and relevance of the instrument, and the instruments' strong correlation (p<0.01) with the preschool variable in the first stage and the F-statistics (larger than 10). As such, we maintain that the 2SLS estimates present a reasonably accurate picture of the effect of years in ECE on cognitive outcomes in the YL Vietnam cohort.
Conclusions and Policy Implications
While previous research shows that ECE can have significantly positive impacts on cognitive and non-cognitive outcomes later in life, preschool's effects have not been studied extensively in developing countries, and never on a large scale in Vietnam. Our empirical findings suggest a highly significant impact of years spent in ECE on outcomes in adolescence. In particular, we estimate that one extra year in ECE leads to a nearly 30.8 percentage point increase (2.78 SD) in verbal cognition scores and a 21.8 percentage point increase (1.25 SD) in math test scores. There are also significant impacts of family wealth, region, ethnicity, and maternal education on cognitive outcomes.
We find that years spent in ECE is a major predictor of better cognitive outcomes in early adolescence, indicating the important role preschool education does and can play in the education landscape in Vietnam. Furthermore, our results suggest that the cognitive achievement established at the end of preschool remain or even grow wider in the longer term in Vietnam. This finding may have serious implications for policy in Vietnam and other developing countries with similar education landscapes. Finally, the observed variation in cognitive outcomes along socioeconomic and ethnic lines suggests that more attention should be paid to understanding and reducing disparities in education provision and quality. Investing in preschool education in these more disadvantaged populations may be an effective way to overcome such issues.
Further research is warranted to examine the cost-effectiveness of ECE programs and policies in developing countries, as well as the relative effectiveness of various features of ECE programs and pedagogies. This will allow governments and local and international actors to better understand the specific impacts of ECE programs and the mechanisms that drive their success. a Lao Cai residence (the poorest of the five provinces) is baseline for the regional dummy variables in the models b "Other province" indicates provinces not included in the original Young Lives sampling, these children moved out of the five study provinces. c Up to primary education (including literacy and religious education) is baseline for the mother and father's education dummy variables in the models Coefficients in Standard Deviations; t statistics in parentheses * p < 0.1, ** p < 0.05, *** p < 0.01 a Models also include dummy variables for region and parental education level
